Dynamics of alkyl chains in an isolated monolayer protected cluster (MPC), AuC 18 (C n ) n carbon n-alkanethiolate), and a superlattice of AgC 8 MPC have been investigated by quasielastic neutron scattering (QENS) technique in the temperature range of 300-400 K. The results have been compared with a layered silver thiolate, AgC 12 , chosen to represent a planar two-dimensional monolayer. In the cluster superlattice, QENS broadening was observed even at room temperature and below the chain melting temperature (T cm ) whereas for the isolated cluster it was seen only above T cm . In the layered silver thiolate, it was observed above the melting point. Data pertain to the rotational motions of the alkyl chains and can be best described by jump diffusion among N equivalent sites or continuous rotation about the molecular axis. At room temperature, the observed dynamics in AgC 8 correspond only to the noninterdigitized molecular chains which amount to about 50% of the total. Above 340 K, contribution from the interdigitized chains manifest and at 380 K, close to the superlattice melting, all the chains become dynamic. It is clearly established that the temperature required for the dynamics to manifest increases from the isolated cluster to the superlattice to the thiolate, suggesting a gradual increase in intermolecular interactions. Reorientation times for all these systems have been obtained at each temperature.
I. Introduction
The study of structure and properties of ultrathin films at interfaces has advanced at a rapid pace with their potential applications in the fields of optoelectronics and molecular engineering. 1 These ordered films have been classified into Langmuir-Blodgett films 2 and self-assembled monolayers (SAMs), 3 the molecular assemblies, which form spontaneously by immersion of an appropriate substrate into a solution of active surfactant. The classification of the structure and properties of SAMs is based on the dimensionality, i.e., two-dimensional (2D) SAMs and three-dimensional (3D) SAMs. The 2D SAMs are ordered molecular assemblies formed by the adsorption of an active surfactant on a planar solid substrate. 4 Most of the alkanethiolate SAMs have been prepared on the Au (111) face. 5 The 3D SAMs are monolayers of surfactants formed on a nanosized metal core, the whole system together is called the monolayer protected metal clusters (MPCs). The core of this system consists of dense-sphere packing of metal atoms resulting in nanocrystals with specific lattice planes on the surface and the alkylthiolates are adsorbed on these lattice planes. 6 The monolayers on the metal core substrate are similar to monolayers on 2D SAMs. The large surface area of the clusters helped in studying the properties, structure and dynamics of the monolayers using bulk techniques such as 13 C NMR 7a,b and transmission IR 7c spectroscopies which are impossible in the case of 2D SAMs owing to poor number density of the species concerned. Despite this limitation, dynamics studies have been performed on planar monolayers. 8 In Figure 1 , a schematic of a monolayer protected cluster is shown.
In 3D SAMs, the surface alkyl chains diverge as they move away from the core, resulting in the interpenetration of the monolayers of adjacent clusters in the solid state. Such interactions between isolated monolayer chains or bundles of chains lead to the formation of crystalline solids of the clusters called superlattices ( Figure 1 ). Superlattices are identical to molecular crystals, they are recrystallizable from solutions of isolated clusters. 9 Interdigitation between alkyl chains give strong intercluster interactions and the superlattices are stable even above the alkyl chain melting temperature. However, the individual clusters separate at still higher temperatures. Alkyl chains with less than five carbon atoms are less ordered and these clusters do not show interdigitation and the solid does not show superlattice order. Clusters with longer chain monolayers are more ordered with less gauche defects. Interdigitation is more and there is superlattice formation.
The present study was undertaken with the objective of understanding the dynamics of alkyl chains in the isolated MPCs and metal cluster superlattices, especially when they go through a phase transition. The systems chosen are octadecanethiol capped gold cluster (AuC 18 ) and octanethiol capped silver cluster (AgC 8 ), while the monolayer assembly around the cluster in the former is near perfect with all-trans conformation, the latter exhibits a superlattice assembly. X-ray diffraction study shows that AgC 8 is essentially a single phase superlattice. [10] [11] [12] The superlattice diffractions were observed up to 398 K indicating the absence of phase transitions. However, at 423 K the superlattice peaks are absent; individual cluster peaks dominate at 448 K. At 473 K, intensities of (111) and (200) peaks of Ag increase and beyond 473 K the pattern remains unchanged. Upon cooling from high temperature (>473 K), the superlattice patterns are not seen suggesting that material does not regain the superlattice order. However, cooling from a lower temperature of 450 K regains the superlattice order. The DSC experiments however, show two consecutive phase transitions. The broad peak in the range of 315-340 K is related to alkyl chain melting, and a peak in the range of 375-400 K is related to superlattice melting. The peak due to alkyl chain melting is at 339.7 K and that due to superlattice melting is seen at 399.2 K. Both XRD and DSC show the reversibility of superlattice transition at lower temperatures and irreversibility at higher temperatures.
Au clusters are not ideal candidates for superlattice formation, as shown in earlier studies. [10] [11] [12] No superlattice structure is found in XRD for AuC 18 . In accordance with that only a very weak transition is seen in DSC corresponding to superlattice melting, but a large enthalpy change is seen for alkyl chain melting. The first transition due to alkyl chain melting is observed at 333.5 K. Infrared signatures for the melting transition are similar as in the case of AgC 8 . The chain melting temperature does not seem to depend very much on the chain length as similar DSC and IR features are seen for AuC 8 .
The alkyl chain assembly in layered silver thiolate [13] [14] [15] is similar to that in planar SAMs. Only one transition at about 400 K is observed in the DSC experiment. X-ray diffraction shows vanishing Bragg peaks above 400 K and these peaks were found to reappear on lowering the temperature. Variable temperature IR studies show change in modes with increase in temperature indicating melting from the crystalline phase to a liquid phase. This transition is at a higher temperature than the cluster superlattices indicating that van der Waals attraction is stronger in the case of thiolates. Presence of all-trans conformations is seen in IR indicating more order. As in the MPCs, T cm does not depend on the chain length. Many structural and spectroscopic insights into the structure of cluster solids can be derived from a comprehensive study of thiolates. It may be added that melting of superlattices was studied using molecular dynamics methods. 16 The phase transitions observed in these systems could be understood better in terms of the creation and propagation of dynamics in the alkyl chain assembly. These dynamics would depend on various parameters such as the length of the alkyl chain, intermolecular interaction, nature of metal substrates, temperature, and the structure and dimensionality of SAMs. Increased interpenetration of alkyl chains into one another would increase the packing density and hence restricts the dynamics. A crude model of dynamics is one in which molecular chains rotate about an axis. The rotations are restricted in the solid state, when surface coverage and packing density of alkanethiolates is high (C n , n > 5). The next possibility is to have a precession of the alkyl chains with rigid sulfur atoms as the cone apex, which in turn is fixed on the metal core. The alkyl chains would perform a revolution with a cone angle which would depend on the free volume space for revolution and this motion would be controlled by inter and intramolecular interactions. These dynamics are expected when the alkanethiol coverage on the metal substrate is less. This can also occur at the lattice plane junctions on the cluster core surface where there is availability of free volume space. The dynamics of the terminal part of the alkyl chain would be maximum and negligible at the C-S region, which is firm on the substrate. The complexity of the dynamics would increase with intrachain rotations. The latter type of motions would be absent in case of thiolates where packing density is high. The various rotational dynamics possible for the alkyl chains are shown in Figure 2 . The simple geometry of dynamics conceivable for the alkyl chain could be the axial rotation and the rotations about a cone angle. Cone angle tending to zero reduces the latter to the axial rotation and from simple calculation of moment of inertia, it BATCH: jp4d56 USER: dle69 DIV: @xyv04/data1/CLS_pj/GRP_jp/JOB_i16/DIV_jp0144146 DATE: March 6, 2002 can be shown that even for a small cone angle of 20 deg, this motion requires much more energysabout 5 timesscompared to the axial motion. In other words, the simplest dynamical motion would be the axial rotation of the alkyl chains. We report here the very first studies of dynamics of monolayers on clusters using neutron quasielastic scattering technique. There exist some neutron scattering studies investigating the vibrational and structural aspects in similar kind of nanoparticles and colloids [17] [18] [19] [20] but no report is available on QENS measurements. The systems are chosen such that the similarities and differences between the alkyl chain dynamics of 2D and 3D monolayers as well as cluster superlattice assemblies are brought out. We are aware that a range of monolayer lengths can reveal more complete information: such studies are currently underway.
Neutron scattering is a powerful technique 21 to study the dynamics in condensed matter, as the energy of thermal neutrons match with the energy of the system. Further, systems containing protons are more suitable for neutron scattering studies for its large scattering cross section. The random motion of the particles in the system leads to Doppler broadening of the scattered neutrons which finally results in the broadening of the elastic line known as quasielastic neutron scattering (QENS). The QENS not only provides the time scale but also the geometry of motions. There are many examples where QENS technique has been successfully used to elucidate the molecular motions and physical properties related to them. [21] [22] [23] [24] These properties make the QENS technique a unique tool to study the dynamics of alkyl chains in the monolayer assembled solids.
Following section gives the details of the experiment, the theoretical aspects and results are discussed in section III, and conclusion is given in section IV.
II. Experimental Details
The synthesis methodology is given below. Silver nitrate (Merck, 99.99%), chloroauric acid (HAuCl 4 ‚3H 2 O, CDH, 99.8%), tetra n-octylammoniumbromide (Merck, 98%), sodium borohydride, octadecanethiol, octanethiol, and dodecathiol (all Aldrich, 99%) were used as received. Toluene and methanol used were analytical reagent (AR) grade. Deionized and distilled water were used for synthesis. For the synthesis of AgC 8 , 0.0358 M toluene solution (21.6 mL) of tetra-n-octylammoniumbromide were added to vigorously stirred 0.0288 M (10 mL) of aqueous solution of silver nitrate. After 1 h of stirring, a 0.0139 M toluene solution (23.8 mL) of octanethiol was added. To this 8.25 mL aqueous solution (0.2378 M) of sodium borohydride was added dropwise. Reduction of silver was evidenced by brown color of the toluene phase. The solution was stirred overnight and organic layer was separated. It was allowed to evaporate slowly to 10 mL and 100 mL methanol was added to precipitate the cluster. The material was washed several times to remove the unreacted thiols and was finally air-dried. The product obtained was a fine brown powder. The same procedure was repeated for AuC 18 using chloroauric acid and octadecanethiol instead. The product obtained was a black powder. For Ag-dodecathiolate (AgC 12 ), 0.0139 M toluene solution (47.6 mL) of dodecanethiol was added to 0.0288 M aqueous solution (20 mL) of silver nitrate and was stirred for 3 h. A white suspension was formed in the toluene layer, which was separated and centrifuged. The precipitate was washed with toluene and air-dried. The product obtained was a white crystalline powder. All syntheses were performed in covered flasks and the materials were stored in brown bottles due to possible light sensitivity. The synthesis had to be repeated several times to obtain adequate quantities of materials for neutron diffraction measurements.
Apart from other reasons, the yield obtained in synthesis was one of the criteria for the selection of these systems. Within the temperature range studied, the samples were stable.
Neutron quasilelastic scattering experiments were carried out using the medium resolution quasielastic spectrometer 25 at Dhruva reactor at Trombay. The spectrometer is installed at the end of a through tube going through the reactor core. It has a double monochromator for variation of incident energy and an air cushion based spectrometer for energy analysis. A double monochromator placed inside the pile block of the reactor, provides a closer approach to the source. Vertically bent crystals 26 are used to focus the neutrons at the sample position and thereby enhance the neutron intensity substantially. The analyzer is used in Multi Angle Reflecting X-tal (MARX) 27 mode. Spectrometer in MARX mode essentially uses a combination of large analyzer crystal and a position sensitive detector, providing larger throughput. This is very much essential for such experiments to be carried out in a medium flux reactor. Pyrolytic graphite crystals are used for both the double monochromators and the analyzer. In the present configuration, the spectrometer has an energy resolution of 200 µeV with an incident wavelength of 4 Å. The quasielastic spectra were recorded in the wavevector transfer (Q ) 4π sin θ/λ, where θ is the scattering angle, and λ is the wavelength of the incident neutron) range of 0.8 to 1.8 Å -1 . Sample, contained in a sachet of aluminum foil of ∼1 mm thickness was placed at an angle bisecting the incident and the scattered beam. The sample thickness was chosen in order to minimize the multiple scattering effects. QENS measurements were carried out for AuC 18 in the temperature range 300-360 K. The temperature ranges were 300-380 K for AgC 8 and 300-400 K for AgC 12 . Samples were heated from both the sides using strip-type heaters fixed on the sample holder and the temperature was measured at top of the sample. The temperature was stable within (1 K.
III. Results and Discussion
In the present systems, the hydrogen atoms are attached to the alkyl chains and the chains are fixed on the metal core, therefore no translational motion of the hydrogen atoms is expected. The observed dynamics in the QENS measurements should be related to the rotational motion of the alkyl chains only. In hydrogenous materials, the neutron incoherent scattering cross section from hydrogen atoms dominates over all the other scattering processes. The incoherent scattering law for rotational motion can be written as 21, 22 where the first term is the elastic part and second term is the quasielastic part.
, and Γ is the half width at half-maximum (hwhm). Γ is inversely proportional to the characteristic time, τ, of the motion.
It is convenient to analyze the data in terms of elastic incoherent structure factor (EISF), which provides information about the geometry of the molecular motions. The EISF is defined 21 as where, I el (Q) and I qe (Q) are the elastic and quasielastic intensities, respectively. A(Q) in eq 1 is therefore nothing but the EISF.
Analysis of the QENS data involves convolution of the theoretical scattering function with the resolution function of the instrument and determination of the different parameters characterizing the dynamical motion by least-squares fit with the measured data. These parameters need to be consistent at all the Q values and at all the temperatures for a describable model. The instrumental resolution function is measured independently using a standard vanadium sample and it is described quite well by a Gaussian function.
As mentioned above, we have studied isolated MPCs, superlattice MPCs in the class of 3D SAMs, and a layered system having molecular assembly similar to 2D SAMs. 15 The results pertaining to each of these systems are described below.
AuC 18 . QENS data were recorded at room temperature (300 K), i.e., below the chain melting temperature, 340, 360, and 380 K. No quasielastic (QE) broadening was observed at 300 K indicating the absence of dynamical motion, at least within the time window of the instrument. However, at 340 K, QENS broadening was observed and so also at 360 and 380 K. The observation of QE broadening above 333 K is in conjunction with the DSC data and should be due to the dynamics of the alkyl chains. The QENS spectra as obtained for AuC 18 at different temperatures and Q values are shown in Figure 3 . While cooling the sample, the broadening continued to be observed below T cm. QE broadening was observed even at 300 K, although reduced in magnitude, indicating hysteresis in the sample.
At the first instance, we tried to separate the elastic and quasielastic contributions in the total spectrum using eq 1 without assuming any specific model and tried to choose the model suitable to describe the dynamics in the system under consideration. There are only two parameters in the eq 1 to be obtained from the fitting, A(Q) and Γ, HWHM of the Lorentzian function. As mentioned above, A(Q) is known as the EISF, providing information about the geometry of the motion and Γ is inversely proportional to τ, the time scale of the motion. In Figure 3 the dotted and dashed lines show the separated elastic and quasielastic components, respectively.
The extracted EISFs for AuC 18 at 340 and 360 K are shown in Figure 4 . To understand the dynamics further, one has to compare with different models. The models envisaged to describe the dynamics are (1) jump diffusion among N equivalent site on a circle, (2) uniaxial rotation: continuous rotation of the molecule about a fixed axis, and (3) isotropic rotation on a sphere of certain radius without any fixed axis.
In jump model among N equivalent sites on a circle, it is assumed that the motion is specified by jumps of certain angle and a characteristic time, τ. It is also assumed that the jump time is very much shorter than the time taken by the particle at a particular site, i.e., jumps are instantaneous and time taken at a particular site, τ is known as residence time. For a particle, which is allowed to perform a random jump among N equivalent sites on a circle, in which jumps are restricted to neighboring sites only, the expression of the scattering law for a powder sample 21, 28 is with The a n 's are the jump distances under the effect of (2nπ/N) rotations and can be written as a n ) 2a sin( nπ / N ), where a is the radius of the circle. The correlation times can be evaluated as
In case of uniaxial rotational diffusion model, molecular reorientation is assumed to take place continuously, in a circle of radius a. It has been shown by Dianoux et al. 29 that the incoherent scattering law for a scattering particle undergoing 
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In isotropic rotational diffusion model, 30 the molecule can perform continuous rotational motions on a sphere of radius r, with a diffusion constant, D r , and thus has no fixed axis of rotation. This model may be ruled out from the geometry of the system, the chains are fixed on the surface of the cluster, so rotation about any axis is not possible.
Uniaxial rotation and jump diffusion for large N lead to the same structure factor, therefore it will be difficult to distinguish these two models for large N (N g 6). It is found that the radius of gyration equal to 2.1 ((0.1) Å gives the best fit to the experimentally obtained EISF within a 6-fold jump model. The solid line in Figure 4 is the calculated EISF. The model S(Q,ω), assuming a 6-fold jump diffusion model with radius of gyration 2.1 Å, was found to give very good fit to the data over the whole Q and temperature range. This demonstrates the applicability of the model to describe the dynamics of the alkyl chains in AuC 18 . The estimated residence times at different temperatures are given in Table 1 . The activation energy (E a ) of the rotation was determined from the τ Vs. temperature plot, using the Arrhenius Law, τ ) τ 0 e E a /KT ( Figure 5 ). An E a of 6.3 ( 0.4 kcal/mol has been obtained.
The finding that the radius of gyration is 2.1 ((0.1) Å is significant. For closest contact distance of alkyl chains, the radius is 2.12 Å. The fact that the nearest neighbor distance in planar monolayers is greater than the shortest contact distance (4.24 Å), makes the chains to bend with an angle of ∼30°in them. The conclusion that the alkyl chains occupy a space very similar to their nearest contact distance implies that the chains are erect and all-trans. This can happen only if the alkyl chains form columns on the lattice planes on the nanocrystals.
AgC 8 . AgC 8 , is a monolayer capped metal cluster, exhibiting superlattice structure. To investigate the dynamics in this system, QENS spectra were recorded at RT, 340, 360, and 380 K. Although DSC experiments showed transitions corresponding to the chain melting at 339 K, surprisingly, even at room temperature, QE broadening was observed indicating the presence of dynamical motion in AgC 8 . The QENS spectra as obtained from AgC 8 at different Q values at RT are shown in Figure 6a . Quasielastic broadening continued to observe with different degree at higher temperatures as well. Typical spectra at Q ) 1.32 Å -1 and at different temperatures are shown in Figure 6b . It may be noted that both the alkyl chain melting (315-340 K) and the superlattice melting (375-400 K) are diffuse in nature as observed in the DSC experiments. The feature at and around 340 K will not be related to the superlattice melting. However, at 380 K, there could be an influence of the same. We shall discuss below the details of the dynamics as observed at each temperature.
As before, in the first instance, the elastic and QE components were separated using eq 1 and then the EISF was extracted as per eq 2. The variation of EISF with Q at different temperatures is shown in Figure 7 . The fits reproduce the changes qualitatively and are considered very good as per QENS standards. It is clear that the EISF behaves differently with temperature unlike the case of AuC 18 . Particularly, at RT and 340 K, the EISF is saturated at Q ) 1 Å -1 itself. EISF is the measure of the elastic component in the total spectrum. Large EISF means, less quasielastic component, which implies that the contribution to the dynamics is less and vice-versa. This was not the case in AuC 18 indicating possibility of partial dynamics in AgC 8 . It can then be concluded that all the protons are not in motion or frozen. If there are some protons not undergoing any motion, they will contribute to the elastic scattering only. In that case, the generalized scattering law can be written as where p x is the fraction of hydrogen atoms in the system participating in the dynamics. A 0 is the EISF as described above and will depend on the model. The first term in the right-hand side is the elastic contribution from the static hydrogen atoms in the total spectrum whereas second term is weighted with the fraction of hydrogen atoms in the alkyl chains participating in rotational motion. The total elastic fraction can be written as Assuming the same model of uniaxial rotation or jump diffusion among N ) 6 equivalent sites as found to best describe the rotational dynamics of the alkyl chains in AuC 18 , we attempted to determine p x by least-squares fit of the extracted EISF from the experimental data using eq 6. It may be noted that the EISF also depends on the radius of gyration and was kept as a parameter in the least-squares fit. The parameters, fraction of mobile protons and the radius of gyration obtained at different temperatures are given in Table 2 . It is found that at room temperature about 50% of the chains are contributing to the dynamics. This is not surprising and is understood by the following argument. AgC 8 forms a superlattice structure and this is by virtue of the chain interdigitation among the neighboring clusters. The number of chains or fraction of chains interdigitating would depend on the structure. For a simple cubic lattice and assuming nearly spherical cluster geometry (actually truncated icosahedron), only those chains along the unit cell axes will be interdigitating. That would permit only around half the chains to be free and others interact quite strongly. At 340 K EISF is found to be lower indicating that more protons start contributing to the dynamics. The value of p x was 0.56 at 340 K. Similar picture sustains at 360 K and p x becomes 0.57. It may be noted that DSC measurement 11, 12 showed transition corresponding to the chain melting above 333 K. Therefore, the present observation is in conjunction with DSC. However at 380 K, the EISF shows a drastic change. The obtained value of p x of 1 suggests that almost all the chains are contributing to the dynamics. This being closer to the melting point, the chains, which were earlier held fixed due to interdigitation, now have enough energy to be dynamic. The chains which were participating in the interdigitation and not dynamic at lower temperatures are now contributing to the observed dynamics but are slower than the others which do not participate in interdigitation.
It is also found that data correspond to a model in which the hydrogen atoms of the alkyl chains are lying, on the average, on the surface of a cylinder of radius of about 2.1 Å. This structure is in accordance with alkyl chain packing as mentioned above. The model S(Q,ω) assuming 6-fold jump diffusion model with different radius of gyration (a) and quasielastic fraction (p x ) as given in Table 2 was found to give a very good fit to the data over the whole temperature range. The residence times obtained at different temperatures are given in Table 1 . The temperature dependence of the residence time is supposed follow Arrhenius Law; however, we find here that it is not so. This unusual behavior can be understood by the fact that the above residence times are actually effective ones, resulting from the combination of residence times of two dynamically different rotating units. One corresponds to the noninterdigitized alkyl chains that contribute even at 300 K (and at 340 K as well), while the other one corresponds to interdigitized alkyl chains, which contributes only above 340 K. Since the motion of the later unit is expected to be slower, i.e., residence time is more than the other at a particular temperature, the effective residence time will be less than what is expected for the noninterdigitized alkyl chains. However, they being of the same order, it was not possible to obtain the two different residence times, which actually correspond to two dynamically different rotational units above 340 K.
AgC 12 : The QENS experiment were carried out for the layered system, AgC 12 as well. In this system only one transition is observed in DSC at 400 K where the Bragg peaks were found to disappear indicating melting of the lattice 13 . Spectra were recorded at 300, 340, 360, 380, 390, and 400 K. No QE broadening was observed below 400 K but it was seen at 400 K (Figure 8 ), which corroborates with the DSC data and therefore attributed to melting. Similar analysis as in the case of other systems described above, was performed and the elastic and QE parts were separated. The EISF extracted is shown in Figure 9 ; the fit captures the changes qualitatively. The rotational dynamics seems to be very similar in AgC 8 and AuC 18 . All the chains contribute to the observed dynamical motion. The model S(Q,ω) assuming 6-fold jump diffusion model with radius of gyration 2.2 ((0.2) Å was found to give very good fit to the data over the whole Q range. The residence time found was 3.8 ((0.4) ps.
IV. Conclusions
Dynamics of alkyl chains in an isolated monolayer protected cluster, a superlattice of the cluster and a layered silver thiolate have been studied using the quasielastic neutron scattering technique. The most probable geometry of motions in all the three cases investigated were uniaxial rotations or N g 6 site jump diffusion. The residence time shows the level of dynamics. In AgC 8 solid, dynamics exist at room temperature but are limited by hindered rotations by neighboring alkyl chain interactions. As explained by neutron scattering data, about 50% of alkyl chains are dynamic at room temperature in the case of AgC 8 . The contribution to the dynamical motion increases with temperature. At 340 and 360 K, 56 and 57% of the alkyl chains, respectively are found to be dynamic. At 380 K, which is close BATCH: jp4d56 USER: dle69 DIV: @xyv04/data1/CLS_pj/GRP_jp/JOB_i16/DIV_jp0144146 DATE: March 6, 2002 to the alkyl chain melting point all the chains are dynamic. In AuC 18 , all the chains participate in rotations above the alkyl chain melting temperature, supporting the fact that superlattice structure is minimum in this case. The greater residence time when compared to AgC 8 at similar temperatures may be due to increased alkyl chain length limiting the rotational dynamics. This increase in residence time may also be indicative of the larger conformational order present in these systems. In AgC 12 , the presence of rotational motion is seen only at and above 400 K, which is the outcome of increased packing factor and thus restricted dynamics. Observed dynamics in all the systems are solely due to the freedom of the alkyl chains. Thus the rotations of alkyl chain assemblies could be revealed and understood to a large extent by the neutron scattering models. We have shown that the studies performed so far on structure and properties of monolayers can be complemented with neutron scattering measurements. The study has provided definitive confirmations on, (1) the absence of measurable rotational dynamics in ordered alkyl chain assemblies such as in AuC 18 at room temperature, (2) gradual evolution of the rotational motions with temperature, (3) increased interchain interactions inhibiting free rotations in superlattices compared to free clusters, and (4) absence of free rotations even up to 400 K in thiolates. We have observed distinct differences in the alkyl chain interactions in the superlattice and isolated clusters. This study has clearly shown that at least in longer chain thiolate protected clusters, the alkyl chains are conformationally frozen and room-temperature dynamics does not show up in the picosecond time scale. This is in contrast to the situation in 2D monolayers where the alkyl chains preserve rotational freedom and exist in the "rotator phase" at room temperature. 8 We have also shown that the alkyl chain assembly is more dense giving a shorter contact distance between the chains than that in the case of planar monolayers. Although reasons behind the differences between monolayers on gold and silver clusters are not understood at the moment, we hope that additional studies, being performed currently, looking at the dynamics as a function of chain length and as a function of monolayer functionality, will give more information pertaining to the molecular motions in these interesting nanophase materials. . EISF as obtained for AgC12 at 400 K. The solid line corresponds to a model in which a particle performs random jumps among N ) 6 equivalent sites on a circle with radius, a equal to 2.2 Å.
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